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[54] Name of Invention: Non-torque single yarn 



[57] Abstract 

Non-torque fiber yarn is twisted in one direction in the first step, then twisted in the 
opposite direction in the next step. Production parameters are set to produce a short-staple 
single yarn. In this short-staple.single yarn, the central core's residual torque is 
fundamentally balanced by the residual torque in the covering fibers. 

[Translator's note: diagram illegible] 
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Claims 



LA method for production of non-torque short staple single yarn, which includes a 
first step for production of non-torque short staple single yarn. Said short-staple single 
yarn has an uneven twist orientation distribution on its cross section, and a second step 
that uses mechanical force to impart a reverse twist on the yarn. This step is controlled in 
such a way that the residual torque in the central core of the yarn is essentially balanced 
by the residual torque in the fibers surrounding the core. 

2. As in Claim (1) above, a method for production of non-torque short staple single 
yarn in which said method is a one consisting of two separate steps. 

3. As in Claim (1) above, a method for production of non-torque short staple single 
yarn in which said method has two ordered steps carried out continuously, in which yarn 
goes through yarn production and twisting equipment in that order. 

4. As in Claim (1) above, a method for production of non-torque short staple single 
yarn in which the second step in said method is accomplished using a ring twist machine. 

5. As in Claim (1) above, a method for production of non-torque short staple single 
yarn in which the second step is accomplished using a two-for-one twister. 



Disclosure 
Non-torque single yarn 



The present invention consists of a non-torque single yarn. 

The art of twisting short staple yarn is already known. Short staple yarn is twisted 
primarily to give it structural integrity and to impart the necessary characteristics for its 
use in production of finished articles. Twisting has already been in use for several 
decades; however, it often leads to single yarn with obvious excess torque. To solve this 
problem, double strands are twisted together into single yarn to make finished articles, 
with the torque remaining in these strands oriented in opposing directions. 

In the line of further general background, excess torque or unstable twist in twisted 
yarn is the most obvious and the most important factor leading to spirality in single knit 
fabrics. If such yarn, with an unstable twist, is used in knitted fabric, the loops so 
produced will not be symmetrical, owing to the variation in twist in the yarn. Such 
twisted yarn will have a tendency to untwist the internal twist to seek a natural structure 
of the least possible energy. This sort of yarn will tend to twist in fabric. In this way, one 
side of the loops will stick out of the surface while the other side of the loop will stay 
inside the fabric. This sort of twisting of the loop symmetry causes twisting and skews 
the grain and the pattern of the fabric it is used in. 

In a knitted fabric, the spirality depends on the type of fiber used. This is to say that 
different types of fiber have different moduli (tensile modulus, flexural modulus and 
shear modulus) as well as different cross-sectional shapes. Consequently, different levels 
of stress will appear in the yarn. An increase in torque in the yarn raises instability of 
twist in yarn and, as a result, increases the twist in single knits produced with this yarn. 
Consequently, different fibers and different tensile moduli will affect the processing of 
yarn or fabric afterwards, due to the twisting of the yarn from the degree of yarn stretch. 
It can be said that in a cotton/polyester blend yarn, increasing the percentage of polyester 
will increase twist instability in ring spun or open-end yarn, and in turn increase twist and 
warpage in single knit fabrics made with these yarns. Since in the same yardage of 
cotton/polyester blend, the blend with the higher polyester content will show more twist, 
it is quite possible that this is because of the higher modulus and that these two fiber 
types will show cross-sectional differences. 

Additional twisting when yarns are knit subjects yarns to a longitudinal force that 
uses friction to unite the fibers. However, in reality, in different yarn structures, internal 
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stress distribution varies. Experimental results have shown that DREF-II yarn has the 
highest twist liveliness or torque, and yarns spun using ring spinning, open-end (ring 
spinning) or air-jet methods have smaller torque. Moreover, among knit fabrics, fabrics 
made from friction-spun yarns have the largest twist angle. 

Differences in residual torque among these four types of yarn reflect the differences 
in structure between them. Ring-spun yarn is often regarded as having an evenly 
coaxial spiral structure of even density in its cross section, and turning of the fibers is 
therefore a characteristic of secondary importance. Thus, when yarn unwinds back to the 
original degree of twist, its strength is reduced to zero and the yarn will fail as a result. 
On the other hand, yarn with uneven twist distribution produced by a non-standard yarn 
system includes open-end yarn, air-jet yarn and/or DREF-II yarn. Moreover, these yarns 
do not have an even density, and localized fiber tangles and fascia are a common 
characteristic of all. When unwound, the strength of these yarns does not go to zero. 

Accordingly, several factors currently seriously impact the residual torque of yarns, 
including fiber type, fiber cross-sectional shape, spinning system and structural geometry 
of the yarn. Additionally, there are several other factors that influence the residual torque 
of yarns and/or impact relative freedom of internal loop movement in knits, impacting the 
final deformation of fabric. These factors include knit pattern, knitting machine setup, 
and retraction and shaping due to postproduction. 

In the past, various techniques have been developed to reduce or eliminate residual 
torque in spun yarns. Based on one basic principle, these techniques can be divided into 
two major groups. The first group is permanent shaping of the yarn; the second group 
features physical shaping to balance residual torque. 

As is well known, the more permanent shaping that is done to a fiber, the less the 
warpage caused by residual torque in the yarn. Based on the type of fiber, various 
methods can be used to shape yarns. For heat-set fibers, heat processing is done as yarn 
or fabric is under tension. Temperature is above the glass transition temperature but 
below the boiling point (as in false twisting). Heat setting of cotton/polyester blend single 
yarns greatly decreases residual torque, and was even capable of nearly eliminating twist 
in air-jet and rotor spun yarn in fabric. 

In the case of natural fibers such as cotton or wool, setting is more complex. 
Examples include steam setting or setting in hot water and chemical treatment, or 
mercerization for cotton and the use of sodium bisulfate for processing of wool. However, 
setting of natural fibers cannot completely eliminate residual torque in a single ply, and 
may cause damage to fibers and worsening of yarn characteristics. 



Some torsion balancing techniques in industrial use include: (1) plying with two 
strands with an equivalent but directionally opposite twist; (2) inserting two strands with 
equivalent but directionally opposite twist in the same thread guide; or, most simply, (3) 
use of two strands with the same but directionally opposite twist for knitting using the 
plating technique. 

Moreover, some have suggested a number of direct spinning methods to produce 
zero-twist single yarn. A dual link spinning has been proposed to produce balanced 
torsion yarn. Yarn made using this system has a core produced through jet spinning, after 
which it is wrapped with DREF-III and covering fibers. At the end of the process, the 
yarn core and wrap layers have twist/torque in opposite directions. Another technique is 
used to produce yarn with a ring spun outer layer and a polyester core. Here, a core yarn 
twisted in the opposite direction to the covering layer, or a simple heat texturing of the 
polyester is used to equalize the twist. 

Compared to setting, balance methods have clear advantages, particularly in the case 
of natural fibers. First, balancing is a physical treatment that involves no chemicals. 
Therefore, damage to the fiber can be avoided. Second, balancing can be used on all 
types of fibers, including natural fibers. However, when a plied yarn's finest count is half 
the finest count of a single yarn, if two plies of single yarn are used to form a balanced 
structure, currently in the industry the most commonly used method of taking two strands 
limits the minimum weight of fabric. If direct spinning is used to create a balanced twist 
single yarn, a number of economic concerns are involved, because certain modifications 
must be made to the machinery. 

The goal of the present invention is to overcome or at least reduce these 
shortcomings. 

Based on this invention, we will provide a means of manufacturing torque-free short 
staple yarn. Following is an explanation of this invention with reference to the 
accompanying diagrams and embodiments. To wit: 

Figure 1 is a flowchart showing the production steps for lot production of this type 
of yarn; 

Figures 2(a) and 2(b) show the equipment used to produce this type of yarn; 

Figure 3 shows distribution of twist in different yarns; and 

Figures 4(a) and 4(b) explains the principles of yarn processing. 

With reference to the attached figures, Figure 1 shows two methods for lot 
processing. The first method includes processing of the raw yarn. These basic yarns are 
produced using any of the following methods: open end spinning, air jet spinning and 
DREF-IIL They are modified using a ring or two-for-one twister. The modified yarn thus 



obtained will be wet- wrap tested. If testing shows that residual torque is within 
acceptable limits, the yarn satisfies the requirements of being zero-torque, and can be 
spooled. Otherwise, the modification process must be adjusted until the yarn passes. The 
second method is used in batch production. A ring spinner or two-for-one spinner is used 
to modify the raw yarn, after which it is unwrapped and spooled. 

As per figure 2(a), yarn modification is accomplished using a ring spinner. A supply 
roller 10 supplies yarn to a take-up roll 1 1 . Further, a two-for-one twister may also be 
used, as shown in figure 2(b). The spool of raw yarn is placed on ring 12 on a revolving 
winding axle. Each time the ring revolves one turn, the yarn receives two turns. The yarn 
is spooled onto take-up roll 11. 

In figure 3, twist distributions are shown for four types of single yarn based on the 
yarn diameter. These four types of yarn are: DREF-III yarn, air-jet yarn, open-end yarn 
and ring-spun yarn. The first three yarn types display unevenness in twist distribution, 
and figure 4(a) gives an explanation for DREF-III. The ring-spun yarn has an even 
distribution and so is unsuitable for this type of processing. 

Figure 4(b) shows non-torque yarn from this invention. Yarn core 13 is given a twist 
in a single step. During the modification process, for example, using a ring twister or 
two-for-one twister, the twist is reduced. In this manner, the outer wrap 14 has excess 
torque. This is formed in step 2 using a twisting machine. An equal and opposite reverse 
excess torque basically balances the core 13 and outer wrap 14. 

As a result, when using a non-standard core structure, the yarn modification method 
described may be used on many types of single yarns produced by forming or twisting 
systems, for example, open-end yarn, friction-spun yarn and air-jet yarn systems. This 
method can be utilized on any type of fiber or blend. For example, it can be used on 
natural or recycled fibers, such as pure cotton, wool, viscose rayon or blended fibers. For 
example, it can be used on 100% cotton fibers to produce an essentially zero-torque yarn. 

The technique and method described are purely mechanical in nature, so warpage in 
the final fabric can be completely eliminated. No heat, moisture or chemicals are used in 
processing. Results on the characteristics of the raw yarn, spun yarn and fabric produced 
therefrom show that the surface characteristics, feel, comfort and thermal conductivity 
are all excellent. Reductions in bursting strength, pilling resistance and yarn tensile 
strength were reduced and no problems were noted under continuous processing and 
wear. 

If friction between fibers is ignored, total torque can be represented using three 
components of force on the three types of fibers. These are flex, torsion and tensile force. 
In ring-spun yarn from step 1 , the function of single fibers is relatively greater, because 



I 



they are generally running in the same direction. However, when single yarn has a core 
structure, this is not the case. An example is yarn from non-standard systems in step 
2.The fibers of the core and cover layers can have different fiber orientations, and as a 
result, the effect of a single fiber can be offset. Suitable single yarns can be untwisted to 
reach an overall zero twist balance in the yarn. 

Modification processing can be done through step 2 to give the yarn a predetermined 
twist. This can be done using the twisting machines listed above, such as a ring twister, 
two-for-one twisting machine or pattern twister. These machines are used to impart a 
predetermined twist in the opposite direction to the original twist, and under continuous 
processing, an apparatus is installed on the spinning machine to spool the yarn. In this 
way, one spinning machine can be continuously operated for twisting. 

As can be understood, in order to produce zero-torque yarn, the added twist or spin 
amount required in step 2 must make the yarn zero torque at the end of that step. Since 
this method changes yarn from one type to another, in actual practice the amount of twist 
in the opposite direction during step 2 is optimally determined using experimental 
methods. 

For example, a twist-untwist yarn test can be used on yarn samples to determine the 
amount of instability in the twist. An instability test can be done on each yarn sample, 
assuming that there are 40 types with different levels of twist. With greater reverse twist, 
the twist instability in the yarn gradually declines and when it reaches a balanced 
structure, it declines to zero. A zero value for twist instability can be established through 

the use of linear regression. 

Even in this case, if the amount of reverse twist required for zero instability will be 
used for reverse twisting of single yarn, adjustments may be required for friction between 
fibers and fiber, yarn and fabric parameters. Issues to be considered include fiber type, 
yam and fabric parameters and storage time. Moreover, a choice must be made as to the 
apparatus to be installed on the open-end spinning machine, for example, a spinning ring, 
anti-twist head or twist stopper to facilitate increasing the fiber covering and improving 
the fiber orientation distribution to improve and modify the characteristics of open-end 
yam so that the residual torque in single yam satisfies the demands of continuous 
processing. The calculated level of unwind should be such that the fabric torque angle for 
flat knit fabric after three 5a detergent cycles is less than 3 degrees. 

In a yam production and processing environment, as soon as the experimental data is 
established and operating parameters put in place for twisting machines, production can 
begin. However, if required, small adjustments can be made to the twisting machines 
later to achieve zero-torque yam. Likewise, if required, this type of small adjustment can 



be done based on any quality assurance measure done on a large-scale production process. 
The main point is that the minute the initial adjustments are made, the experimental data 
can be used as a basis to easily establish which small adjustments are required to angle 
and direction in order to produce zero-torque yarn. 



Explanation of the figures 

■ 

Uses ring-spun, friction-spun (DREF-HI) or air jet spun raw yarn 

Reverse twisted with ring or two-for-one twister No pass Change reverse twist 

settings 

Batch production Wet chamber moist twist tests 

Pass and continue 

yarn-clearing spool 

FIGURE 1 
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Figure 2(a) 



Figure 2(b) 




Figure 3 



Figure 4(a) 




Figure 4(b) 
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